Using a data set on housing sales transactions we explore the potential effect of the Fukushima disaster on housing prices in Sweden. In contrast to most earlier findings in other countries we do not find any disproportionate effect from the Fukushima disaster on housing prices in vicinity of nuclear power plants in Sweden.
Introduction
In this paper, we use data on individual real estate transactions from the Swedish housing market in order to study whether the Fukushima Daiichi nuclear disaster on March 11, 2011, affected housing prices in the vicinity of nuclear power plants.
The Fukushima accident was big news all over the world, and previous research provides evidence that the Fukushima incident has indeed had an impact on public opinion polls as well as a significant reduction in reported well-being in various countries (Holmberg, 2012; Goebel et al., 2015) . The immediate response in most countries was a reduced public support for existing and future proposed plants: The reduced support for nuclear energy was largest in Japan and its surrounding Asian neighbors. Outside Asia, Germany was one of the countries where public opinions were most negatively affected, while the effect on public opinion in the USA and the UK was negligible (Holmberg, 2012) . According to public polls conducted in Sweden, the support for nuclear power dropped immediately after the Fukushima accident by 17% and 20%, respectively, compared to earlier polls done in 2010 and 2008 (Holmberg, 2012 ). An interesting question is thus whether this increase in the awareness of the risks of nuclear disaster has also capitalized onto the housing markets.
Several recent studies have provided quasi-experimental evidence that this may in fact be the case in many countries, e.g. Bauer et al. (2014) for Germany, Boes et al. (2015) for Switzerland, and Zhu et al. (2016) for China 1 , while Fink and Stratmann (2015) do not find such an effect in the US. They all exploit the Fukushima nuclear accident as an exogenous shock to local housing or land markets and adopt difference-in-differences (DID) approaches to estimate the impact of the accident on housing or land prices near nuclear plants.
Due to explicit quasi-experimental frameworks, these studies may not suffer from serious endogeneity problems, but other problems still exists. Bauer et al. (2014) and Fink and Stratmann (2015) rely on data attained 1 Boes et al. (2015) find that the Fukushima accident led to a 2.3% price discount on apartment rents in the vicinity of nuclear power plants in Switzerland. Bauer et al. (2014) find a price discount of up to 5% on real estate located near nuclear plants in Germany. Zhu et al. (2016) find that land prices near nuclear plants decreased by around 18% one month after the accident but that this initial impact decays over time.
from public internet platforms where the data source is either approximate or proxies underlying transactions. 2 Using sources such as these thus reduces the precision of estimated values of marginal willingness to pay and may in a worst case scenario lead to biases due to measurement error. The study by Boes et al. (2015) uses data from the rental market also attained from a public internet platform. Each transaction typically contains information on the list price and the final sales price, size/area, number of rooms, plot size, number of floors, construction year, rents as well as geographical coordinates and address information. As a quality control of the data we also geocoded the address to avoid any potential data insertion errors. In addition, we know the exact dates when the objects came on the market and when they were sold. This is important for being able to determine whether an object is considered as treated or not (i.e., whether it was sold before or after March 11, 2011).
To our knowledge, we are the first to study the effect of the Fukushima nuclear disaster using directly reported housing sale transactions. In comparison to earlier studies, the analysis undertaken here is thus less prone to biases as a result of poor data quality. Also, prices on the Swedish housing markets are unregulated in the sense that demand is not skewed due to price regulations or subsidies.
While Table 1 shows some descriptive statistics for our sample categorized by housing type and distance from nuclear plants, Figure 1 shows price trends for the same categories. The pattern observed in both graphs in Figure 1 indicates that the important assumption in a DID-framework of common time trends appears to be valid; the price trends seem to be fairly before March 2011 irrespective of housing type and distance to nuclear power plant. 5 Figure 2 shows the area from which we select the observations that are to be investigated. Note: Standard deviations are in parenthesis. Monthly fee is a charge imposed by the co-op in which an apartment is located. SEK means Swedish Krona. The sample period is from January 12 2010 to December 11 2012 because, in the subsequent analysis, we construct monthly and quarterly data using 12th as the first date of a month. Note: The circles feature a 50 km radius covering the locations included in the sample.
Empirical strategy
To examine the effects of the Fukushima disaster on housing prices in Sweden, we adopt a DID approach using a distance from a nuclear plant as an indicator of treatment intensity. We thus compare housing prices close to and further away from the power plants before and after the Fukushima disaster on March 11, 2011.
The model specification is a semi-log hedonic price function that takes the following form:
where Y it is the log of the selling price, Dist i is the continuous distance (in meters) from each house i to the closest nuclear power plant, 1[t = τ ] is a dummy variable that takes the value of one if t = τ and zero otherwise (t is measured either by quarter or by month), X it contains the control variables listed in Table 1 , and σ s is the spatial fixed effect that is meant to capture some area-specific common shocks in area s. In order to remove confounding idyosyncratic spatial shocks but to leave out sufficient within-area variation caused by the Fukushima accident if it exists, we use congregation-level spatial fixed effect for σ s in our analysis.
The coefficients of interest are the time varying coefficients β τ of the interaction term, Dist i × 1[t = τ ]; before March 11, 2011, β τ can be seen as placebo-estimates and after March 11, 2011, β τ can be seen as effects of the Fukushima accident. We estimate equation (1) using fixed-effect regressions where the standard errors are clustered by area s. 6
Results
Estimating equation (1) This result is interesting for at least three reasons. First, even though there was an increased uncertainty and decreased support for nuclear power in public polls in Sweden (see Holmberg, 2012) , these stated preferences do not spill over to revealed behavior (as observed in the housing market).
Second, since most earlier studies on data from other countries have found statistically significant (negative) effects on property values close to nuclear power plants, our results show that an increased risk after the Fukushima accident is not universally perceived. Third, since the exact information in our housing price data helps insulate us from approximation errors inherent in the housing price measures used in previous studies, it is also an open question whether an effect would have been found for the other countries had they had access to equally detailed data as we have.
